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Description 

[0001] The present invention relates to a tuner system 
that receives digital television signals transmitted via 
ground waves. 5 
[0002] In digital television broadcasting, satellite 
broadcasting and cable television (CATV) broadcasting 
have already been put into practical use, and ground 
broadcasting is also being planned for practical use. 
Digital television broadcasting methods vary among 10 
countries and regions, and the Orthogonal Frequency 
Division Multiplex (OFDM) method is employed in Eu- 
rope and Japan. In the OFDM method, a few thousands 
of carrier waves are provided for the broadcasting band 
of each channel of a conventionally used ground televi- *5 
sion system and are modulated with, for example, a 
baseband signal according to the Quadriphase Phase 
Shift Keying (QPSK) method and then transmitted. 
[0003] In the OFDM digital television system, broad- 
casting frequency bands allocated to conventionally 20 
used analog television broadcasting are used, and thus, 
channels in which digital television signals are transmit- 
ted are located adjacent to channels in which analog tel- 
evision signals are transmitted. 

[0004] Accordingly, analog television signals may be 25 
mixed with digital television signals. In this state, digital 
television signals may interfere with an analog television 
receiver. To avoid this situation, in compliance with the 
broadcasting standards, the level of digital television 
signals is reduced by an amount in the range of 20 dB 30 
to 35 dB relative to that of analog television signals be- 
fore they are transmitted. A receiver of digital television 
signals that sufficiently receives signals of levels from 
-96 dBm to -20 dBm at its receiving input terminal with- 
out any trouble is also demanded. The signal level re- 35 
ceivable by a digital television signal receiver is thus re- 
quired to have a dynamic range as wide as 76 dB. 
[0005] As discussed above, digital television signals 
may be transmitted with analog television signals, for 
example, channels in which digital television signals are *o 
transmitted are located adjacent to those in which ana- 
log television signals are transmitted. In this case, ana- 
log television signals may disadvantageously interfere 
with a digital television signal receiver. 
[0006] In response to a wide dynamic range of digital 45 
television signals, such as 76 dB, a digital television sig- 
nal receiver is required to have a wide gain control range 
and also to suppress distortion caused by gain control. 
[0007] Accordingly, it is an object of the present inven- 
tion to eliminate interference of analog television signals so 
upon receiving a digital television signal and to suppress 
the generation of distortion even in a wide gain control 
range. 

[0008] In order to achieve the above object, according 
to the present invention, there is provided a digital tele- 55 
vision signal receiving tuner system in accordance with 
independent claim 1. 

[0009] US-A-5 636 252 discloses a digital TV receiver 



using the known superheterodyne principle which in- 
volves the mixing of the wanted input frequency to in- 
termediate frequencies (IF). The IFs are filtered and am- 
plified in accordance with HDTV specifications using au- 
tomatic gain control circuitry. 

[0010] The article "Planungsaspekte fur digitales ter- 
restrisches Femsehen" by G. Petke (published in Rund- 
funktechnische Mitteilungen, Mensing, Norderstedt, 
DE, May 1 993) presents issues about of the coexistence 
of digital and analog TV signals on adjacent channels 
and addresses carrier-to-interference requirements. 
[0011] The article "NTSC TV Receiver Performance 
with upper adjacent channel ATV interference" by C. Eil- 
ers (published in IEEE Transactions on Consumer Elec- 
tronics, IEEE INC., New York, August 1996) shows the 
use and the characteristics of SAW filters in order to re- 
ject adjacent channel interference. 
[0012] Embodiments of the invention will now be de- 
scribed, by way of example only, with reference to the 
accompanying drawings, in which: 

Fig. 1 is a block diagram illustrating a digital televi- 
sion signal receiving tuner system according to the 
present invention; 

Fig. 2 is a characteristic diagram illustrating adja- 
cent-channel attenuation means for use in a digital 
television signal receiving tuner system according 
to the present invention; 

Fig. 3 is a circuit diagram illustrating adjacent-chan- 
nel attenuation means for use in a digital television 
signal receiving tuner system according to the 
present invention; and 

Fig. 4 illustrates a modification made to the adja- 
cent-channel attenuation means for use in a digital 
television signal receiving tuner system according 
to the present invention. 

[0013] A digital television signal receiving tuner sys- 
tem of the present invention is now described with ref- 
erence to Fig. 1. 

[0014] In the following description, digital television 
signals and analog television signals are simply referred 
to as "television signals" unless they are required to be 
distinguished. 

[0015] A digital television signal receiving tuner sys- 
tem of the present invention is formed of a tuner 1 and 
an intermediate frequency circuit 2. The tuner 1, as well 
as a tuner for receiving analog television signals, has 
an input tuning circuit 3, a high frequency amplifier 4, an 
interstage tuning circuit 5, a first mixer 6, a first local 
oscillator 7, an intermediate frequency tuning circuit 8, 
and an intermediate frequency amplifier 9. The high fre- 
quency amplifier 4 is formed of a first variable-gain am- 
plifier in which the gain is controlled in accordance with 
a control voltage from an automatic gain voltage gener- 
ating circuit (not shown). 

[001 6] For convenience, the input tuning circuit 3, the 
high frequency amplifier 4, the interstage tuning circuit 
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5, and the first mixer 6 are indicated by one system. In 
practice, however, two systems used for VHF television 
signals and UHF television signals are provided for the 
tuner. 

[001 7] A television signal is input into a tuner input ter- 
minal 1a, and a desired channel of the television signal 
is selected and amplified in the input tuning circuit 3, the 
high frequency amplifier 4, and the interstage tuning cir- 
cuit 5. The amplified television signal is then input into 
the first mixer 6 in which it is mixed with a local oscillation 
signal output from the first local oscillator 7 and is con- 
verted into a first intermediate frequency signal (approx- 
imately 36 MHz in the Europe television system). The 
first intermediate frequency signal passes through the 
intermediate frequency tuning circuit 8 and the interme- 
diate frequency amplifier 9 and is output from a tuner 
output terminal 1b. 

[0018] Not only digital television signals, but also an- 
alog television signals are input into the tuner input ter- 
minal 1a. Accordingly, only a desired digital television 
signal is selected by the input tuning circuit 3 and the 
interstage tuning circuit 5 and is converted into a first 
intermediate frequency signal by being mixed with a lo- 
cal oscillation signal. Thus, the oscillation frequency of 
the local oscillator 7 is controlled by a PLL circuit 11 pro- 
vided with a reference oscillator 10. The PLL circuit 11 
is provided with a tuning voltage generating circuit (not 
shown) for controlling the tuning frequency of the input 
tuning circuit 3 and the interstage tuning circuit 5. 
[001 9J The intermediate frequency circuit 2 generates 
an 8-bit baseband signal from the first intermediate fre- 
quency signal obtained in the tuner 1. The intermediate 
frequency circuit 2 has adjacent-band attenuation 
means 21, a first variable-gain intermediate frequency 
amplifier 22, a second mixer 23, a second local oscillator 
24, a second intermediate frequency amplifier25, an an- 
alog-to-digital (A/D) converter 26, and a clock oscillator 
27. The adjacent-band attenuation means 21 possess- 
es characteristics in which the frequency bands of the 
adjacent channels are attenuated by 60 dB or greater, 
as illustrated in Fig. 2, assuming that the channel of the 
first intermediate frequency signal, which is a digital tel- 
evision signal to be received, is located adjacent to 
channels of analog television signals. By virtue of the 
above-mentioned characteristics, even if the level of a 
digital television signal at the tuner input terminal 1a is 
lower than the levels of the adjacent analog television 
signals by 35 dB, the level of the digital television signal 
at the input terminal of the second mixer 23 becomes 
higher than the adjacent analog television signals by 25 
dB. 

[0020] The first intermediate frequency signal output 
from the adjacent-band attenuation means 21 is ampli- 
fied in the first intermediate frequency amplifier 22 and 
is then input into the second mixer 23. In the second 
mixer 23, the first intermediate frequency signal is mixed 
with a local oscillation signal output from the second lo- 
cal oscillator 24 and is converted into a second interme- 



4 

diate frequency signal of approximately 4 MHz. To sta- 
bilize the frequency, the second local oscillator 24 is pro- 
vided with a crystal oscillator portion 24a. The second 
intermediate frequency signal is amplified in the second 

5 intermediate frequency amplifier 25 to a predetermined 
level and is input into the A/D converter 26. In the A/D 
converter 26, the second intermediate frequency signal 
is sampled by a clock signal having approximately 18 
MHz output from the clock oscillator 27, thereby gener- 

10 ating an 8-bit baseband signal. The baseband signal is 
demodulated and decoded in a baseband processing 
circuit (not shown) to extract a video signal and an audio 
signal. Because of the QPSK demodulation in the base- 
band processing circuit, not only a clock signal of 18 

15 MHz, but also a clock signal of 36 MHz are output from 
the clock oscillator 27. 

[0021] The configuration of the adjacent-band atten- 
uation means 21 is discussed in detail with reference to 
Fig. 3. The adjacent-band attenuation means 21 is 

20 formed of a first surface acoustic wave (SAW) filter 21a, 
a first compensation amplifier 21b, a variable attenuator 
21c, a second compensation amplifier 21 d, and a sec- 
ond SAW filter 21 e, and these elements are sequentially 
connected. The attenuation means 21 from the output 

25 terminal of the first SAW filter 21a to the output terminal 
of the second SAW filter 21e is formed of a balanced 
circuit. 

[0022] The first SAW filter 21a and the second SAW 
filter 21e have substantially similar characteristics, and 

30 the respective filters 21a and 21 e attenuate the frequen- 
cy bands of the adjacent channels by substantially 30 
dB or greater. The first compensation amplifier 21b and 
the second compensation amplifier 21d compensate for 
insertion losses incurred in the transmission bands of 

35 the first SAW filter 21a and the second SAW filter 21e, 
respectively. In this manner, the first SAW filter 21a is 
disposed at a stage before the first compensation am- 
plifier 21b, thereby reducing the generation of distortion 
in the first compensation amplifier 21b. The second 

40 compensation amplifier 21 d is disposed at a stage be- 
fore the second SAW filter 21 e, thereby suppressing the 
noise frequency (NF) caused by the second SAW filter 
21e. 

[0023] Direct-current (DC) blocking capacitors 28, 28 
45 connect the first SAW filter 21a and the first compensa- 
tion amplifier 21b, the second compensation amplifier 
21d and the second SAW filter 21e, and the second 
SAW filter 21 e and the second intermediate frequency 
amplifier 22. The variable attenuator 21c is provided 
50 with a PIN diode 29, which is connected in such a man- 
ner that it shunts two balanced lines. A fixed voltage (for 
example, a power supply voltage of 5V) is applied to the 
cathode via a bias resistor 30, while a control voltage 
output from a gain control voltage generating circuit (not 
55 shown) is supplied to the anode via a resistor 31. The 
PIN diode 29 and the second compensation amplifier 
21 d are connected via DC blocking capacitors 32, 32. 
The PIN diode 29 and the first compensation amplifier 
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21b are connected via impedance matching resistors 
33, 33 and DC blocking capacitors 34, 34, which are re- 
spectively connected in series to each other. 
[0024] Upon supplying a control voltage to the anode 
of the PIN diode 29, the adjacent-band attenuation 
means 21 is able to perform control in cooperation with 
the high frequency amplifier 4 of the tuner 1 and the first 
intermediate frequency amplifier 22 so that the level of 
an input digital television signal can be maintained at a 
dynamic range of approximately 76 dB. 
[0025] If the bands of the adjacent channels are ade- 
quately attenuated by approximately 60 dB or greater 
only by the first SAW filter 21a, the second compensa- 
tion amplifier 21 d and the second SAW filter 21 e may 
be omitted. The first compensation amplifier 21 b and the 
variable attenuator 21c may be substituted with a sec- 
ond variable-gain amplifier 21f, and the first SAW filter 
21 a and the second variable-gain amplifier 21 f may form 
the adjacent-band attenuation means 21, as illustrated 
in Fig. 4. 

[0026] As is seen from the foregoing description, the 
digital television signal receiving tuner system of the 
present invention offers the following advantages. 
[0027] The adjacent-band attenuation means is inter- 
posed between the first mixer and the second mixer to 
attenuate signals of the channels adjacent to the fre- 
quency band of a first intermediate signal by 60 dB or 
greater relative to the first intermediate frequency sig- 
nal. Thus, in the second mixer, the interference of ana- 
log television signals of the adjacent channels is re- 
duced. Since the adjacent-band attenuation means is 
disposed at a stage after the first mixer, known elements 
for receiving analog television signals can be used for 
the first mixer and the preceding elements, thereby sim- 
plifying the design of the digital television signal receiv- 
ing tuner system. 

[0028] Signals of the adjacent channels are attenuat- 
ed by using the first and second SAW filters, and inser- 
tion losses caused by the first and second SAW filters 
are compensated with the first and second compensa- 
tion amplifiers, respectively, thereby ensuring the inten- 
sity of the first intermediate frequency signal. The first 
compensation amplifier is disposed at a stage after the 
first SAW filter, thereby reducing distortion generated in 
the first compensation amplifier caused by analog tele- 
vision signals in the adjacent channels. 
[0029] The first variable-gain amplifier is located at a 
stage before the first mixer, and the variable attenuator 
is placed at a stage after the first compensation ampli- 
fier, thereby increasing the dynamic range of receiving 
signals. 

[0030] In place of the first compensation amplifier and 
the variable attenuator, a second variable-gain amplifier 
may be used, thereby simplifying the circuit. 



Claims 

1. A digital television signal receiving tuner system 
comprising: 

a first mixer (6) for converting a television signal 
to a first intermediate frequency signal; 
an adjacent-band attenuation means (21) for 
attenuating a signal of a channel located adja- 
cent to a frequency band of the first intermedi- 
ate frequency signal by 60 dB or greater relative 
to the first intermediate frequency signal, said 
adjacent-band attenuation means being dis- 
posed at a stage after said first mixer; and 
a second mixer (23) for converting the first in- 
termediate frequency signal into a second in- 
termediate frequency signal having a frequen- 
cy lower than the frequency of the first interme- 
diate frequency signal, said second mixer being 
disposed at a stage after said adjacent-band at- 
tenuation means; characterised in that 
the adjacent-band attenuation means compris- 
es a first surface acoustic wave filter (21a) for 
attenuating the signal of the adjacent channel, 
and a first compensation amplifier (21b) dis- 
posed at a stage after said first surface acoustic 
wave filter and compensates for insertion loss- 
es caused by said surface acoustic wave filter, 
and wherein the tuner system includes a first 
variable-gain amplifier (4) disposed at a stage 
before said first mixer, and said adjacent-band 
attenuation means further comprises a variable 
attenuator (21c) provided with a PIN diode (29). 



25 
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35 2. A digital television signal receiving tuner system ac- 
cording to Claim 1, wherein said adjacent-band at- 
tenuation means comprises a second surface 
acoustic wave filter (21e) and a second compensa- 
tion amplifier (21 d) for correcting for insertion loss 

40 of said second surface acoustic wave filter at a 
stage after said first compensation amplifier, and 
said second compensation amplifier is connected 
at a stage before said second surface acoustic 
wave filter. 

45 

3. A digital television signal receiving tuner system ac- 
cording to Claim 2, wherein said variable attenuator 
is disposed between said first compensation ampli- 
fier and said second compensation amplifier. 

50 

4. A digital television signal receiving tuner system ac- 
cording to any of Claims 1 to 3, wherein said system 
further comprises a second variable-gain amplifier 
(22), and said first surface acoustic wave filter at- 
tenuates the band of the adjacent channel, and said 
second variable-gain amplifier is connected at a 
stage after said first surface acoustic wave filter so 
as to correct for insertion loss of said first surface 
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acoustic wave filter. 

5. A digital television signal receiving tuner system ac- 
cording to Claim 1 ( wherein said adjacent-band at- 
tenuation means comprises a second surface 
acoustic wave filter and a second compensation 
amplifier for correcting for insertion loss of said sec- 
ond surface acoustic wave filter at a stage before 
said second variable-gain amplifier, and said sec- 
ond compensation amplifier is connected at a stage 
before said second surface acoustic wave filter. 

6. A digital television signal receiving tuner system ac- 
cording to any preceding claim, wherein an interme- 
diate frequency circuit comprises an analog-to-dig- 
ital converter (26) for converting the second inter- 
mediate frequency signal into a digital signal, and 
a clock oscillator (27) for supplying a clock signal to 
said analog-to-digital converter, the second inter- 
mediate frequency signal is sampled with the clock 
signal so as to output a baseband signal from said 
analog-to-digital converter, and the baseband sig- 
nal and the clock signal are output from said inter- 
mediate frequency circuit. 



pensiert, und dass das Tunersystem einen ersten 
Verstarker (4) mit variabler Verstarkung aufweist, 
der an einer Stelle vor dem ersten Mischer gelegen 
ist, und die Nachbarband-Dampfungseinrichtung 
5 au&erdem ein variables Dampfungsglied (21c) auf- 

weist, das mit einer PIN-Diode (29) ausgestattet ist. 

2. Tunersystem nach Anspruch 1 , bei dem die Nach- 
barband — Dampfungseinrichtung ein zweites 

to SAW-Filter (21e) und einen zweiten Kompensati- 
onsverstarker (21 d) zum Korrigieren des von dem 
zweiten SAW-Filter hervorgerufenen Einfugungs- 
verlusts an einer Stelle hinter dem ersten Kompen- 
sationsverstarker aufweist, und der zweite Kom- 

1 5 pensationsverstarker an einer Stelle vor dem zwei- 
ten SAW-Filter angeschlossen ist. 

3. Tunersystem nach Anspruch 2, bei dem das varia- 
ble Dampfungsglied sich zwischen dem ersten und 

20 dem zweiten Kompensationsverstarker befindet. 

4. Tunersystem nach einem der Anspruche 1 bis 3, bei 
dem das System auRerdem einen zweiten Verstar- 
ker (22) mit veranderlicher Verstarkung aufweist, 
und das erste SAW-Filter das Band des Nachbar- 
kanats dampft, und der zweite Verstarker mit ver- 
anderlicher Verstarkung an einer Stelle hinter dem 
ersten SAW-Filter angeschlossen ist, um die Einfu- 
gungsdampfung des ersten SAW-Filters zu korri- 
gieren. 



Patentanspriiche 

1. Digitalfernsehsignal-Empfangstunersystem, um- 
fassend: 



einen ersten Mischer (6) zum Umwandeln ei- 
nes Fernsehsignals in ein erstes Zwischenfre- 
quenzsignal; 

eine Nachbarkanal-Dampfungseinrichtung 35 
(21) zum Dampfen eines Signals eines Kanals, 
der benachbart zu einem Frequenzband des 
ersten Zwischenfrequenzsignals gelegen ist, 
um 60 dB Oder mehr in Bezug auf das erste Zwi- 
schenfrequenzsignal, wobei die Nachbarband- *o 
Dampfungseinrichtung sich an einer Stelle hin- 
ter dem ersten Mischer befindet; und 
einen zweiten Mischer (23) zum Umwandeln 
des ersten Zwischenfrequenzsignals in ein 
zweites Zwischenfrequenzsignal mit einer Fre- 45 
quenz, die niedriger ist als die Frequenz des 
ersten Zwischenfrequenzsignals, wobei der 
zweite Mischer sich an einer Stelle hinter der 
Nachbarband-Dampfungseinrichtung befindet; 

50 

dadurch gekennzeichnet, dass 
die Nachbarband — Dampfungseinrichtung auf- 
weist; ein erstes SAW-Filter (akustisches Oberfla- 
chenfilter) (21a) zum Dampfen des Signals des 
Nachbarkanals, und einen ersten Kompensations- 55 
verstarker (21b), der an einer Stelle hinter dem er- 
sten SAW-Filter angeordnet ist und von dem 
SAW-Filter verursachte Einfugungsverluste kom- 



5. Tunersystem nach Anspruch 1 , bei dem die Nach- 
barband-Dampfungseinrichtung ein zweites 
SAW-Filter und einem zweiten Kompensationsver- 
starker zum Korrigieren der von dem zweiten 
SAW-Filter hervorgerufenen Einfugungsdampfung 
an einer Stelle vor dem zweiten Verstarker veran- 
derlicher Verstarkung aufweist, und der zweite 
Kompensationsverstarker an einer Stelle vor dem 
zweiten SAW-Filter angeschlossen ist. 

6. Tunersystem nach einem der vorhergehenden An- 
spruche, bei dem eine Zwtschenfrequenzschattung 
einen Analog-Digital-Wandler (26) zum Umwan- 
deln des zweiten Zwischenfrequenzsignals in ein 
digitales Signal aufweist, auRerem einen Taktoszil- 
lator (27) zum Liefern eines Taktsignals an den Ana- 
log-Digital-Wandler, wobei das zweite Zwischenfre- 
quenzsignal mit dem Taktsignal abgetastet wird, um 
ein Basisbandsignal aus dem Analog-Digital- 
Wandler auszugeben, wobei das Basisbandsignal 
und das Taktsignal von der Zwischenfrequenz- 
schaltung ausgegeben werden. 



Revendications 

1. Systeme de syntoniseur recevant des signaux de 
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television numeriques, comprenant : 

un premier melangeur (6) permettant de con- 
verts un signal de television en un premier si- 
gnal de frequence intermediaire ; 5 
une moyen d'attenuation de bande adjacente 
(21) permettant d'attenuer un signal d'un canal 
situe au voisinage d'une bande de frequence 
du premier signal de frequence intermediaire 
de 60 dB ou plus par rapport au premier signal 10 
de frequence intermediaire, ledit moyen d'atte- 
nuation de bande adjacente etant dispose a un 
etage suivant ledit premier melangeur ; et 
un deuxieme melangeur (23) permettant de 
convertir le premier signal de frequence inter- is 
mediaire en un deuxieme signal de frequence 
intermediaire ayant une frequence inferieure a 
la frequence du premier signal de frequence in- 
termediaire, ledit deuxieme melangeur etant 
dispose a un etage suivant ledit moyen d'atte- 20 
nuation de bande adjacente ; caracterise en 
ce que : 

le moyen d'attenuation de bande adjacente 
comprend un premier filtre d'ondes acous- 25 
tiques superficielles (21a) permettant d'at- 
tenuer le signal du canal adjacent, et un 
premier amplificateur a compensation 
(21b) dispose a un etage suivant ledit pre- 
mier filtre d'ondes acoustiques superficies 30 
les, et compense les pertes d'insertion pro- 
voquees par ledit filtre d'ondes acousti- 
ques superficielles, et dans lequel le sys- 
teme de syntoniseur inclut un premier am- 
plificateur a gain variable (4) dispose a un 35 
etage precedant ledit premier melangeur, 
et ledit moyen d'attenuation de bande ad- 
jacente comprend en outre un attenuateur 
variable (21c) dote d'une diode PIN (29). 

40 

2. Systeme de syntoniseur recevant des signaux de 
television numeriques selon la revendication 1, 
dans lequel ledit moyen d'att6nuation de bande ad- 
jacente comprend un deuxieme filtre d'ondes 
acoustiques superficielles (21 e), et un deuxieme <s 
amplificateur a compensation (21d) permettant de 
corriger une perte d'insertion dudit deuxieme filtre 
d'ondes acoustiques superficielles a un etage sui- 
vant ledit premier amplificateur a compensation, et 
ledit deuxieme amplificateur a compensation est so 
connecte a un etage precedant ledit deuxieme filtre 
d'ondes acoustiques superficielles. 

3. Systeme de syntoniseur recevant des signaux de 
television numeriques selon la revendication 2, 55 
dans lequel ledit attenuateur variable est dispose 
entre ledit premier amplificateur a compensation et 
ledit deuxieme amplificateur a compensation. 



4. Systeme de syntoniseur recevant des signaux de 
television numeriques selon Tune quelconque des 
revendications 1 a 3, dans lequel ledit systeme 
comprend en outre un deuxieme amplificateur a 
gain variable (22), et ledit premier filtre d'ondes 
acoustiques superficielles attenue la bande du ca- 
nal adjacent, et le deuxieme amplificateur a gain va- 
riable est connecte a un etage suivant ledit premier 
filtre d'ondes acoustiques superficielles de maniere 
a corriger la parte d'insertion du premier filtre d'on- 
des acoustiques superficielles. 

5. Systeme de syntoniseur recevant des signaux de 
television numeriques selon la revendication 1, 
dans lequel ledit moyen d'attenuation de bande ad- 
jacente comprend un deuxieme filtre d'ondes 
acoustiques superficielles et un deuxieme amplifi- 
cateur a compensation permettant de corriger la 
perte d'insertion dudit deuxieme filtre d'ondes 
acoustiques superficielles a un etage precedant le- 
dit deuxieme amplificateur a gain variable, et ledit 
deuxieme amplificateur a compensation est con- 
necte a un etage precedant ledit deuxieme filtre 
d'ondes acoustiques superficielles. 

6. Systeme de syntoniseur recevant des signaux de 
television numeriques selon Tune quelconque des 
revendications precedentes, dans lequel un circuit 
de frequence intermediaire comprend un convertis- 
seur analogique / numerique (26) permettant de 
convertir le deuxieme signal de frequence interme- 
diaire en signal numerique, et un oscillateur d'hor- 
loge (27) permettant de delivrer un signal d'horloge 
audit convertisseur analogique / numerique, le 
deuxieme signal de frequence intermediaire etant 
echantillonne avec le signal d'horloge de maniere 
a faire sortir un signal de bande de base dudit con- 
vertisseur analogique / numerique, et le signal de 
bande de base et le signal d'horloge sortant dudit 
circuit de frequence intermediaire. 
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